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备的纳米粒子可能存在高浓度的缺陷，但在四方相的 HfO2 和 ZrO2 纳米粒子中都
没有观察到铁磁性；对于退火后获得的以四方相和单斜相的混合态存在的 HfO2
纳米粒子也没有观察到铁磁性，尽管很多报道表明单斜相的 HfO2 纳米粒子或薄
膜存在铁磁性；通过对表面氧化 Ti 和 Ti 氧化物纳米粒子集合体膜的磁性测量表
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Abstract 
  Nanoparticle is one of important members in the nano-materials, which is now 
becoming a very hot research field in materials science. In this article, we employed 
plasma-gas-condensation apparatus to prepare the fourth subgroup oxide 
nanoparticles. And the results show that pure, uniform size and monodisperse fourth 
subgroup oxide nanoparticles and their assembled films can be obtained. This method 
can be used widely as a new way to prepared metal and metal oxide nanoparticles. 
   Recently, many researchers find that TiO2, ZnO, MgO, HfO2,SnO2, In2O3, Al2O3, 
CeO2 in films or nanoparticles forms can show ferromagnetism, and speculate that the 
ferromagnetism comestible from vacancies in the samples, this is really a great 
challenge in materials science, because all the existed magnetic theories can not 
explain this interesting phenomenon. We prepared the fourth subgroup nanoparticles 
with non-polluted, high vacancies concentration to investigate and confirm the source 
of the unusual ferromagnetism. Our results show that both monoclinic and tetragonal 
HfO2 nanoparticles didn't have ferromagnetism, although many papers presented the 
HfO2 with monoclinic phase can show ferromagnetism in film or nanoparticle forms, 
Ti oxide nanoparticles, ZrO2 nanoparticles with monoclinic phase didn't have 
ferromagnetism, either. Therefore, we conclude that the the fourth subgroup oxide 
nanoparticles do not have ferromagnetism, the papers that reported that oxide in films 
or nanoparticles forms have ferromagnetism are not correct; or the ferromagnetism 
the observed may caused by other reasons. Meanwhile, the HfO2 with d=7nm has 
blue emission under 365nm excited. The Ti and 
In another hand, we did some work on influence of substrate temperature to 
ZnO:Al films. The effects of substrate temperature on the structural, optical, electrical 
and mechanical properties of ZnO:Al films were carefully investigated and thus high 
quality ZnO:Al thin films were obtained. Substrate temperature can strongly affect 














between the film and substrate. At different substrate temperatures (from RT to 
400°C), the strain of the ZnO:Al films is different, and both larger positive strain and 
negative strain lead to higher hardness. With the increase of substrate temperature, the 
surface morphology of the as-prepared samples becomes rougher, while the electrical 
conductivity becomes higher, and a resistivity value of 44.97 10 cm−× Ω⋅  was 
obtained at 400°C. Furthermore, a high substrate temperature can improve the 
adhesion and expand the range of optical absorption when the transmittance is above 
90% in most of visible range. 
 
Keywords: plasma-gas-condensation, the fourth subgroup oxide, ferrimagnetism, 
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